Regioselective nitration of phenols using Sr(NO 3 ) 2 or benzyltriphenylphosphonium nitrate in the presence of H 2 SO 4 -silica had been realized under solvent free conditions. The reaction proceeds through the formation of nitronium ion, which attack the phenol ring preferential at ortho position in presence of Sr(NO 3 ) 2 , forming mono nitrophenol. Para-orientation relative to hydroxyl group and mononitration of phenolic compounds was observed in the case of benzyltriphenylphosphonium nitrate. Some of the major advantages of this method are mild reaction conditions, high efficiency and regioselectivity of nitration and complementarity with other reported methods. In addition, benzyltriphenylphosphonium nitrate as nitrating reagent can be easily recycled.
Introduction
Nitration of phenols is an important process, because nitrophenols are important intermediates for the manufacture of drugs and pharmaceuticals. But phenols are highly reactive; therefore the nitration of phenols using the classical method of nitric acid in sulfuric acid generally gives complex mixtures containing o-and p-nitrophenols, dinitrated phenols, plus unextractable tars of phenolic oxidation products. 1 Regioselective nitration of phenol to furnish ortho and para-nitrophenol as special cases has been studied by various nitrating agents under different conditions [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . However, some of the nitrating reagents are poorly regioselective and uneconomical. On the other hand, considering these concerns, there is still a good scope for research towards finding mild reagents for regioselective nitration of phenols. prevent the releasing of toxic reaction residues such as excess acid or the corresponding salt of acid into the environment.
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Results and Discussion
In this project we wish to report the convenient methods for the regioselective nitration of phenols with benzyltriphenylphosphonium nitrate (BTPPN) or Sr(NO 3 ) 2 as the source of nitronium cation in the presence of sulfuric acid adsorbed silica gel (H 2 SO 4 -Silica) under solvent-free conditions. The BTPPN was prepared by mixing an aqueous solution of benzyltriphenylphosphonium chloride with NaNO 3 to obtain a white precipitate (Scheme 1). This reagent is stable and can be kept at room temperature for months without losing its activity.
P
Cl
NaNO 3
Scheme 1. Preparation of BTPPN
Hajipour et al. 18 reported the application of BTPPN in nitration of aromatic compounds in the presence of methanesulfonic anhydride. However, such a process is less attractive because methanesulfonic anhydride is toxic and expensive. Here we wish to report BTPPN as a regioselective and efficient nitrating agent for the conversion of phenols to mono nitrophenol.
The effect of various reaction conditions on the nitration of phenol was examined first. The reaction was carried out with different molar ratios of phenol/BTPPN and different amounts of H 2 SO 4 -Silica. The treatment of 1 equivalent of phenol with 1.3 equivalent of BTPPN in presence of H 2 SO 4 -silica (0.58 g) afforded corresponding nitrophenol in a short time in almost quantitative yield, the best results (90 min, 95% conversion) were obtained when the reaction was performed at 50 º C under solvent free conditions ( The results of nitration reactions of other phenolic compounds by using BTPPN as nitrating reagent were summarized in Table 1 . As shown in Table 1 para-orientation relative to hydroxyl group and mononitration of phenolic compounds was preferable. For example, 4-nitrophenol was isolated in 80% yield by the nitration of phenol (Table 1 
entry 1).
In the cases of 2-methoxyphenol, 2-ethylphenol and 2-methylphenol, para-nitro relative to the OH group products in excellent yields, was also produced.
We have demonstrated that BTPPN is an efficient and moderate para selective nitrating agent for phenols under solvent free condition. Another advantage of this method is that BTPPN can be regenerated. After extraction of the nitrophenols, the aqueous layer was treated with a fresh solution of the aqueous NaNO 3 
Scheme 3. Regeneration of BTPPN
The results obtained in the case of nitration using BTPPN and H 2 SO 4 -Silica prompted us to study the nitration of phenols with Sr(NO 3 ) 2 in the presence of H 2 SO 4 -Silica at room temperature. Accordingly, phenol (1 mmol) was reacted with Sr(NO 3 ) 2 (1.3 mmol) in presence of H 2 SO 4 -Silica (0.29 g) and it was found that the 2-nitrophenol was obtained in high isolated yields ( Table 2 summarizes the nitration experiments of phenolic compounds using Sr(NO 3 ) 2 . The enhanced regioselectivity of nitration with Sr(NO 3 ) 2 over the classical mixed-acid procedure was best demonstrated by the products obtained with phenol as a substrate. While the latter process produced a mixture of 2-nitrophenol and 4-nitrophenol and 2,4-dinitrophenol, nitration with Sr(NO 3 ) 2 produced 2-nitrophenol in 85% and 4-nitrophenol only 8% and no dinitropheol was detected. Similarly, the nitration of α-naphthol, 2-methoxyphenol and 2-alkylphenolproduced with high selectivity was the preferred ortho-orientation relative to hydroxyl.
The possible mechanism for nitration of phenol to the corresponding nitrophenol using Sr(NO 3 ) 2 or BTPPN in the presence of H 2 SO 4 -Silica under solvent-free conditions is outlined in Scheme 5. 
Scheme 5. Mechanism of Nitration
In Table 3 , we have compared the results obtained from the nitration of phenol by our method with some of those reported in the literature. 
Conclusions
In conclusion, we have demonstrated the application of BTPPN and Sr(NO 3 ) 2 as an efficient and regioselective nitrating agents used in combination with H 2 SO 4 -Silica under solvent free and mild reaction conditions. Utilization of Sr(NO 3 ) 2 results in ortho selective nitration of phenols. On the other hand para selectivity was observed when BTPPN was utilized. In addition, BTPPN can be easily recycled what makes it application in large-scale processes more economically viable.
Experimental
Materials and Methods
Yields refer to isolated pure products. All the products were identified by comparison of their spectral data with the well-known compounds. 28 The products were characterized by their spectral ( 1 H-NMR and IR). All 1 H-NMR spectra were recorded at 250 MHz in CDCl 3 relative to TMS (0.00 ppm). IR spectra were recorded on Perkin-Elmer Spectrum RXI FT-IR spectrophotometer. Thin layer chromatography was performed on silica SIL G/UV 254 plates.
Preparation of benzyltriphenylphosphonium nitrate
A solution of benzyltriphenylphosphonium chloride (1.9 g, 4.9 mmol) in 10 ml of water was prepared, and then KNO 3 (0.495 g, 4.9 mmol) in water (10 ml) was added dropwise to the above solution and stirred for 1 h at room temperature. The resulting precipitate was filtered and washed with cooled, distilled water (5 ml), and dried in a desiccator under vacuum over calcium chloride to afford a white powder (1.9 g, 94% yield), which decomposed at 181-182 °C to a dark-brown material. 18 
Preparation of H 2 SO 4 -silica
In a mortar silica gel (0.063-0.2 mm, 2 g) and H 2 SO 4 (98% 1 g, 10 mmol) were ground with a pestle and the residue was heated at 100 °C for 12 h to furnish H 2 SO 4 -silica as a free flowing powder. 29 
General procedure for the nitration of phenols by Sr(NO 3 ) 2 and H 2 SO 4 -Silica
In a mortar, a mixture of substituted phenol (1 mmol), H 2 SO 4 -Silica (0.29 g), Sr(NO 3 ) 2 (1.3 mmol) was ground at room temperature with a pestle for the time specified in Table 1 . The progress of the reaction was followed by TLC (Ethyl acetate:n-Hexane 1:6). After the completion of reaction ethyl acetate (5 mL) was added to the reaction mixture, and the solid material was separated by filtration. The filter cake was washed with ethyl acetate (2×5 mL), and the filtrates were combined. The combined Organic phases were washed successively with saturated solution of sodium bicarbonate (3×5 mL) and distilled water (5 mL), then dried over anhydrous magnesium sulfate and concentrated. The crude product was purified through preparative TLC plate.
General procedure for the nitration of phenols by BTPPN and H 2 SO 4 -Silica
In a 10 mL round bottom flask, a mixture of H 2 SO 4 -Silica (0.58 g), BTPPN (1.3 mmol) and phenol derivative (1 mmol), was ground at 50 °C for the time specified in Table 2 . The progress of the reaction was followed by TLC (Ethyl acetate:n-Hexane 1:6). After the completion of reaction the ethyl acetate (5 mL) was added to the reaction mixture, and the solid material was separated by filtration. The filter cake was washed with ethyl acetate (2×5 mL), and the filtrates were combined. The combined organic phases were washed with saturated solution of sodium bicarbonate (3×5 mL) and distilled water (5 mL), then dried over anhydrous magnesium sulfate and concentrated. The crude product was purified through preparative TLC plate.
General procedure for the regeneration of BTPPTN
After the residue was washed with ethyl acetate and filtered the filter cake was washed with distilled water (3×10 mL) and separated from solid residue by filtration. Then to the combined stirred solution was added a solution of sodium nitrate (1.3 mmol) in water (10 mL) at room temperature until a white precipitate was formed. After being stirred 30 min the mixture was filtered, and washed with water (3×5 mL). The filter cake was dried to afford BTPPN as white powder (0.48 g, 90% recovery). 
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